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1
ROOFTOP PHOTOVOLTAIC MODULES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from U.S. Provisional
Patent Application Ser. No. 61/725,586, filed Nov. 13,2012,
which is incorporated herein by reference.

INTRODUCTION

Solar, or photovoltaic (PV), panels have been used for
decades to create usable electrical power by harnessing the
sun’s energy. PV panels are usually mounted in suitable loca-
tions for maximum exposure to the sun. Frequently, these
locations include both industrial and residential building
rooftops. Accordingly, various methods and devices have
been developed for mounting PV panels on the roofs of build-
ings.

The terms “solar panels,” “photovoltaic panels,” and “PV
panels,” as used in this disclosure, include all types of photo-
voltaic material suitable for mounting in a generally planar
orientation. For example, solar panels suitable for use with
the present teachings include those constructed from both
thin-film flexible PV material, such as material incorporating
copper indium gallium diselenide (CIGS) type semiconduc-
tors, and also panels based on more rigid PV material such as
crystalline silicon.

Solar panels are typically sold separately from the racks or
mounting structures used to install them on a building roof-
top. This situation often requires a user to acquire custom-
built rack mounting solutions with accompanying high instal-
lation costs. One-size-fits-all rack mounting systems are
available. However, those systems tend to be complex, heavy,
require multiple roof penetrations, and employ metal con-
struction requiring extensive grounding. Existing systems
also tend to require assembly by skilled workers and/or the
use of one or more tools. Exemplary existing systems are
described, for example, in U.S. Pat. Nos. 4,371,139, 5,228,
924, 5,505,788, 5,746,839 (reissued as RE038988), 6,495,
750, 6,501,013, 6,534,703, 6,570,084, 6,809,251, 6,809,253,
and 7,814,899, each of which is hereby incorporated by ref-
erence into the present disclosure for all purposes.

Therefore, it is desirable to provide a rooftop PV mounting
system that is lightweight, easily transported, and easily
installed.

29 <

SUMMARY

The present teachings disclose improved PV modules and
assemblies of modules, including apparatuses, methods of
use, and methods of manufacture. The disclosed assemblies
generally include a solar panel integrated with a supporting
frame, and are configured to be installed on a building rooftop
or stacked for transport. Modules according to the present
teachings may be at least partially pre-assembled, with a solar
panel oriented at a predetermined angle relative to the rooftop
mounting surface of the supporting frame.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a photovoltaic (PV) module
according to aspects of the present disclosure.

FIG. 2 is an isometric view of the underside of the PV
module of FIG. 1.

FIG. 3 is a side elevation view of the PV module of FIG. 1.

FIG. 4 is an exploded view of the PV module of FIG. 1.
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2

FIG. 5 is a sectional side view of an illustrative wind
deflector suitable for use with a PV module according to
aspects of the present disclosure, taken at line 5-5 in FIG. 4.

FIG. 6 is an isometric view of an illustrative riser support
suitable for use with a PV module according to aspects of the
present disclosure.

FIG. 7 is an isometric view of the reverse side of the riser
support of FIG. 6.

FIG. 8 is an elevation view of a riser support similar to the
riser support of FIG. 6.

FIG. 9 is an elevation view of the reverse side of the riser
support of FIG. 8.

FIG. 10 is an isometric view of a portion of a PV module
according to the present disclosure showing an illustrative
connection between a riser support and a wind deflector.

FIG. 11 is an isometric view of the PV module of FIG. 10
with connectors removed to show underlying structure.

FIG. 12 shows a plurality of illustrative PV modules in a
stacked configuration.

FIG. 13 is an isometric view of two illustrative riser sup-
ports in a stacked configuration, showing how the supports
nest with each other.

FIG. 14 is an isometric view of four illustrative PV mod-
ules connected together and including supplemental ballast
tray portions.

FIG. 15 is an isometric view of an illustrative connection
pin and retaining device.

FIGS. 16 and 17 are partial isometric views showing the
connection pin of FIG. 15 used to connect four illustrative PV
modules.

FIGS. 18 and 19 are partial isometric views showing the
connection pin of FIG. 15 used to connect two illustrative PV
modules.

FIG. 20 is a partial isometric view showing an illustrative
U-bolt used to connect four illustrative PV modules.

FIG. 21 is a partial isometric view showing illustrative
routing and connection of intermodule wiring.

DETAILED DESCRIPTION

The present teachings describe improved photovoltaic
(PV) modules and assemblies of modules, including appara-
tuses, methods of use, and methods of manufacture. The
disclosed assemblies generally include a solar panel inte-
grated with a supporting frame, and are configured to be
installed on a building rooftop. Modules according to the
present teachings may be at least partially pre-assembled,
with a solar panel oriented at a predetermined angle relative to
the rooftop mounting surface of the supporting frame. Mod-
ules according to the present teachings also may be connected
together, both mechanically and electrically, to form assem-
blies of photovoltaic modules in an improved manner.

A PV module constructed according to the present disclo-
sure is shown in FIGS. 1 through 4 and generally indicated at
10. FIG. 1 is an overhead isometric view of module 10, and
FIG. 2 is an isometric view from an opposite side, i.e., the
underside of module 10. FIG. 3 shows a side elevation view of
module 10, and FIG. 4 is an exploded view of the module.
Unless otherwise specified, PV module 10 and/or its various
components may, but are not required to, contain at least one
of'the structure, components, functionality, and/or variations
described, illustrated, and/or incorporated herein. Further-
more, the structures, components, functionalities, and/or
variations described, illustrated, and/or incorporated herein
in connection with PV module 10 may but are not required to
be included in other PV modules according to the present
disclosure.
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With continued reference to FIGS. 1-4, module 10 includes
a frame generally indicated at 12, and a photovoltaic (PV)
panel 14 mounted upon or otherwise attached to the frame.
Frame 12 includes two portions: a first frame portion 16,
which is configured to lie flat on a support surface such as a
rooftop, and a second frame portion 18, which is angled
relative to frame portion 16 and configured to support PV
panel 14 at a predetermined angle. The components of frame
12, as well as other components described herein, may be
constructed at least in part from non-conductive, extruded
materials such as wood and/or wood plastic composite
(WPC). A suitable material may include a combination of
reclaimed wood fibers and thermoplastic polymer. For
example, Fibrex® material manufactured by Andersen Cor-
poration of Bayport, Minn. may be particularly suitable. The
use of WPC materials may provide various advantages, such
as lighter weight and greater resistance to corrosion, and may
avoid the necessity of electrically grounding assemblies of
the modules. For similar reasons, module frame portions and
other components according to the present disclosure may be
more generally constructed from non-conductive, extruded
materials. For example, typical plastic materials that are used
in extrusion include but are not limited to: polyethylene (PE),
polypropylene, acetal, acrylic, nylon (polyamides), polysty-
rene, polyvinyl chloride (PVC), acrylonitrile butadiene sty-
rene (ABS) and polycarbonate. Such materials may be
extruded directly into module frame portions, coextruded in
multiple layers with additional materials (including noncon-
ductive materials such as wood filler), or mixed with additives
to be extruded as a compound. In any case, the extruded frame
portions may be relatively lightweight and strong, and may
not require electrical grounding when assembled into one or
more module frames.

In this example, first frame portion 16 includes a left side
member 20 and a right side member 22 rigidly connected by
a front cross member 24. Frame portion 16 is generally con-
figured to support ballast. In some examples, the weight and/
or geometry of module 10 is sufficient to keep it secured to an
installed location such as a rooftop. In other examples, it may
be necessary or desirable to add ballast to ensure that the
module or an assembly of modules remains in place.

For example, should modules according to the present
disclosure need to be secured to a support surface such as a
rooftop or other structure, pavers or other ballast may be
disposed on a flat section of the frame structure defined by
frame portion 16. In some examples, a tray may be included
to support the ballast. In the example shown in FIGS. 1-4,
cross ribs or intermediate members 26 are disposed between
and parallel to side members 20 and 22. Intermediate mem-
bers 26 are rigidly connected between front cross member 24
and a panel support cross member 28 running parallel to the
front cross member, described in more detail below. Together
with front cross member 24, the intermediate members form
a flat section of the module suitable for supporting pavers or
other ballast. The lower surfaces of frame portion 16 define a
first plane P1, which generally lies atop and parallel to a
support surface such as a rooftop when installed.

It is also sometimes necessary to mechanically attach a
module or assembly of modules (also referred to as an array)
to an underlying support surface such as a roof. This may be
the case, for example, in areas susceptible to seismic distur-
bances or high winds. Mechanical attachment devices, which
may penetrate and/or clamp to the roof, can be utilized in such
situations. One suitable hold-down mechanism is described
in U.S. Pat. No. 8,316,618, the entire contents of which are
hereby incorporated herein by reference for all purposes.
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Left side member 20 and right side member 22 are elongate
structures each having a leading end portion (30 and 32,
respectively) and a trailing end portion (34 and 36, respec-
tively). Leading end portions 30 and 32 extend beyond the
point where front cross member 24 intersects with the side
members, and the distal ends of leading end portions 30 and
32 each include a male connector element (38 and 40, respec-
tively), interchangeably referred to as a front connector ele-
ment. Male connector elements 38 and 40 may include any
suitable structures configured to facilitate connection of mod-
ule 10 to an adjacent, substantially similar module. In this
example, connector elements 38 and 40 include extensions or
tabs that protrude in a direction continuing from the long axes
of the side members. Additionally, male connector elements
38 and 40 each include a transverse aperture (42 and 44)
passing from one side of the tab portion to the other in a
direction transverse to the long axes of the side members and
parallel to P1. Male connector elements 38 and 40, and their
interaction with other connector elements, are described fur-
ther below regarding FIGS. 16-20.

Second frame portion 18 extends from the trailing end
portions of side members 20 and 22. Frame portion 18
includes panel support cross member 28 (mentioned above),
a left side member 46, and a right side member 48. In the
example shown, each side of the module includes a side
member of frame portion 16 connected to a side member of
frame portion 18. For example, left side member 20 is con-
nected to left side member 46. The respective side members
may be rigidly connected by any suitable connection method,
such as heat welding, adhesive, and/or connective hardware.
As shown in FIG. 4, a shaped insert 50 may be used to
facilitate joining of the side members and strengthening of the
resulting angled joint. In other examples, not pictured, each
side of the module may include a unitary side member that has
an angle formed in it, rather than two separate side members
joined together. In other examples, not pictured, first frame
portion 16 may extend from the rear of module 10 rather than
being disposed in the front of module 10 as described above.

Frame portion 18 is oriented at a predetermined, non-zero
angle relative to first frame portion 16, and top faces or
surfaces (52, 54, and 56) of members 28, 46, and 48 define a
second plane P2. While the preceding description refers to a
single, predetermined angle between planes P1 and P2 (and
thus between the rooftop or other supporting surface and the
PV panel), the present teachings are not restricted to this
possibility. Rather, in some cases the angle between the first
plane and the second plane may be predetermined to have a
single value (as shown in FIGS. 1-4), but in other cases (not
shown) the angle between the first plane and the second plane
may be selectable within a predetermined continuous range,
and in still other cases (also not shown) the angle between the
first plane and the second plane may be selectable within
predetermined discrete values.

As best shown in the exploded view of FIG. 4, panel sup-
port cross member 28, or at least upper face 52 of cross
member 28, may be oriented at an angle relative to plane P1
offirst frame portion 16. In the example shown, cross member
28 is oriented such that upper face 52 lies in and helps to
define plane P2. This orientation allows cross member 28 to
help support PV panel 14 as a component of second frame
portion 18. In some examples, second frame portion 18
includes arear cross member 58 parallel to and opposite panel
support cross member 28. Rear cross member 58, when
included, may provide additional support to PV panel 14.
Rear cross member 58 is shown in broken lines in FIG. 4 to
indicate that remaining examples described herein do not
include this cross member. Other examples, described below,
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instead include a wind deflector that contributes the support
that rear cross member 58 would provide.

A pair of riser supports 60 and 62, examples of which are
shown in greater detail in FIGS. 6-9, are attached to side
members 46 and 48, respectively, supporting the side mem-
bers at the predetermined angle and providing lateral attach-
ment and support for a rear wind deflector 64. The riser
supports are substantially identical, mirror images of each
other. With that understanding, a description now proceeds
with reference made specifically (where appropriate) only to
riser support 60.

Riser support 60 is a single rigid structure including a main
body 70, a top support portion 72, and a bottom support and
connector portion 74. Main body 70 includes a deflector face
76 and a side wing 78. Deflector face 76 includes any suitable
structure configured to connect with rear wind deflector 64
and provides a substantially similar deflector surface parallel
to and continuing from deflector 64. In the example shown,
deflector face 76 includes a substantially planar wall 79 with
a tab 80 extending from wall 79 and recessed behind a major
face of the wall to facilitate connection with the wind deflec-
tor. Tab 80 may include a boss structure 82, described further
below.

Side wing 78 includes a wall structure connected to and
oriented at an approximately right angle to deflector face 76.
Side wing 78 includes a raised fin 84 forming a channel 86 on
an opposite side of the fin. Side wing 78 also extends from the
fin partially along the side of module 10, providing additional
structural support for the module when installed and prevent-
ing side shifting of modules when stacked. The top edge of
side wing 78 includes a slot or other side member support 88
configured to provide support for securing side member 46.

Top support portion 72 of riser support 60 extends continu-
ously from the upper edge of deflector face 76. Top support
portion 72 includes a wire raceway portion 90, panel support
surface 92, and side member end support 94. Wire raceway
portion 90 includes a C-shaped wall forming a recess suitable
for pass-through of intermodule wiring running along a cor-
responding raceway in the wind deflector. The upper end of
top support portion 72 includes a panel support surface 92,
which is a planar surface in plane P2, suitable for facilitating
mounting and support of PV panel 14. On a surface opposite
wire raceway portion 90, side member end support 94
projects from the riser. End support 94 may include any
suitable structure configured to facilitate attachment and sup-
port of side member 46. In the example shown, end support 94
is a projection configured to insert into an axial cavity in the
end of side member 46, thereby providing support for the side
member at the predetermined angle.

Bottom support and connector portion 74 includes a foot in
the form of a substantially planar support surface 96 and a
connector element 98 formed in a lower portion of fin 84.
Connector element 98 may be interchangeably referred to as
a rear connector element, and in some examples as a female
connector element. Support surface 96 forms a foot on which
the riser rests when installed on a support surface such as a
rooftop. Riser 60 is configured such that support surface 96
lies in plane P1. In other examples, surface 96 of riser 60 may
be absent, and/or the riser may instead rest on a different
component such as connector element 98 or another portion
of the riser, or even on a separate component such as a con-
nection member (described below). Rear connector element
98 includes a transverse aperture 100, and in the example
shown, includes a gap or opening 102 in a rear surface of the
fin.

Gap 102 may include any suitable opening or recess con-
figured to engagingly receive or mate with the male connector
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(38, 40) of another, substantially similar PV module. In these
examples, rear connector element 98 may be referred to as a
female connector element. In other examples having male
and female connector elements, the roles of the elements may
be reversed, with front connector elements being female and
rear connector elements being male. Upon mating, the aper-
tures of the respective connector elements (98 and 38 or 40)
are configured to align coaxially to allow securing of the
connection using a connector pin or other suitable connection
member or device. Aperture 100 may be thought of as a single
aperture running from side to side through fin 84. Aperture
100 may also be thought of as two coaxial apertures in oppos-
ing walls offin 84. In other examples, gap 102 is not included,
and the rear surface of fin 84 is closed off. In the gapless
examples, such as the one shown in FIG. 20, rear connector
element 98 is not intended to mate with a corresponding male
connector. A bottom end of fin 84 typically remains open to
facilitate stacking of the modules.

Bottom support and connector portion 74 includes a
stepped surface 104 corresponding to a stepped profile of
wind deflector 64, and a wind deflector connection tab 106.
Stepped surface 104 may function as a mechanical stop inter-
facing with the foot of another module when stacked, as
described further below. Tab 106 may include a boss structure
108 similar to boss 82.

Rear wind deflector 64 spans between riser supports 60 and
62, and attaches to the riser supports by any suitable connec-
tion method. Turning to FIGS. 10 and 11, one particular
connection method is illustrated. In this example, an end
portion of deflector 64 includes slots 110 and 112 located
such that bosses 82 and 108 of riser 60 fit into the slots and are
accessible from the exterior of the module. Screws or bolts
114 and 116 may then be threaded into or through bosses 82
and 108, securing the wind deflector to the riser. Providing a
slotted connection allows for thermal expansion and contrac-
tion of the components, and accounts for issues such as manu-
facturing tolerances and flexing during use.

Returning to FIGS. 4 and 5, rear wind deflector 64 is shown
in isometric and sectional side views. Rear wind deflector 64
may be any suitable structure configured to prevent or reduce
wind from passing under PV panel 14 thereby causing undes-
ired uplift forces. In some examples, such as those shown in
the drawings, rear wind deflector 64 may also provide struc-
tural support for the PV panel. In the example shown, rear
wind deflector 64 is a rigid or semi-rigid, unitary panel
including an upper support surface 120 for supporting the PV
panel, a wire raceway 122 running longitudinally along an
upper length of the deflector, a deflector surface 124, and a
stepped portion 126 running along a lower length of the
deflector.

Upper support surface 120 includes a planar expanse ori-
ented to lie in plane P2 and configured to provide a supportive
mounting surface for PV panel 14. Wire raceway 122 may
include any suitable raceway formed in or on rear wind
deflector 64 and configured to pass wires, cables, and the like
laterally along a module and between adjacent modules. In
the example shown, wire raceway 122 includes a C-shaped
longitudinal recess formed by the deflector. Raceway 122
includes opposing lips 128, which may facilitate, for
example, installation and retention of one or more wire retain-
ing clips 130.

Deflector surface 124 may include any suitable expanse
configured to deflect wind, and may include a substantially
continuous expanse passing from riser to riser across the rear
portion of the module. In the example shown, deflector sur-
face 124 is a rectangular, planar expanse defining a plane that
intersects and is transverse to planes P2 and P1. In other
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words, the deflector is oriented so that a side view of the
module (e.g., see FIG. 3) includes a triangle in which a first
side is formed by the deflector surface, a second side is
formed by plane P1, and a third side is formed by plane P2.
The deflector may be oriented at any suitable angle with
respect to plane P1. In the example shown, deflector surface
124 is angled at an acute angle relative to plane P1.

PV panel 14 may include any suitable photovoltaic sheet
configured to be mountable to module 10. In the example
depicted in the drawings, PV panel 14 is a laminated PV sheet
that may be bonded to the top of the mounting surface formed
by second frame portion 18 and wind deflector 64 to create an
integrated module, for example using a suitable adhesive. PV
panel 14 is a rigid, substantially planar rectangular sheet
having a first side 134, a second side 136, a third side 138, and
a fourth side 140. Accordingly, first side 134 is supported by
panel support cross member 28, second side 136 is supported
by left side member 46, third side 138 is supported by wind
deflector 64, and fourth side 140 is supported by right side
member 48.

PV module 10 is configured to be stacked with similar
modules, as shown in FIGS. 12 and 13. F1G. 12 shows several
examples of PV module 10 stacked in a storage and/or trans-
port mode or configuration. In this mode or configuration, the
first frame portions of the modules are adjacent and parallel to
each other, the second frame portions of the modules are
adjacent and parallel to each other, and each riser support of
a lower module nests at least partially inside a corresponding
riser support of an upper module. This stacking capability is
facilitated by the fact that side members 46 and 48 are sup-
ported only at their ends. Absence of an intermediate support
structure between end portions of the side members allows
the PV panel 14 and frame portion 18 of one module 10 to fit
into the recess or void defined by the underside of the PV
panel 14 and frame portion 18 of another module 10. Addi-
tionally, side wings 78 of the risers have walls that extend
partially along the side of the module, as described above.
Accordingly the side wings pass laterally around and
embrace an underlying module nested below, thereby imped-
ing side to side relative motion.

FIG. 13 shows a partial view in which only two riser
supports are shown stacked atop each other. As shown, riser
supports 62 and 62' are configured such that the fin of a
bottom module at least partially fits into, or nests within, the
channel of a top module. Additionally, one or more portions
of the risers may act as a mechanical stop relative to an
adjacent riser to maintain a certain separation or vertical
spacing of the stacked modules. Finally, FIG. 13 also shows
an aperture (142 and 142") that may be included in each riser
support 62. Aperture 142 may include any suitable opening in
a riser support configured to pass under-module wiring or
cabling through to the exterior of the module for purposes of
connection, routing, and the like, as further described below
regarding FIG. 21.

FIG. 14 shows a group of four modules connected together,
such as when modules are installed on a support surface.
Module 10 is configured to be connectable to other PV mod-
ules. Specifically, the front and rear connector elements (38,
40, 98) of each side member are configured to receive a
connection member 150 for securing module 10 to an adja-
cent, substantially similar module. For example, FIGS. 14
and 16-19 depict various complete and partial views of four
adjacent modules 10A, 10B, 10C, and 10D, each of which is
substantially similar or identical to module 10 described
above. Accordingly, reference numbers followed by “A,”“B,”
“C” or “D” should be understood to represent respective
components of modules 10A, 10B, 10C, or 10D, which are
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substantially similar to their counterparts in module 10. Addi-
tional lettering may be utilized in a similar fashion regarding
other drawings.

FIG. 14 also depicts two illustrative supplemental ballast
trays 152 A and 152B. One or more supplemental ballast trays
152 may be attached along an outer perimeter in order to
facilitate securing the modules, and may be configured to
function substantially the same as first frame portion 16. Each
supplemental ballast tray 152 may include connector ele-
ments and members substantially identical to those described
with respect to module 10.

Connection member 150 may include any suitable struc-
ture or device configured to secure one connector element of
module 10 to another connector element of an adjacent mod-
ule. For example, connection member 150 may include a pin
154 and a retainer device 156 such as the ones shown in FIG.
15. Pin 154 may include an elongate member having an
enlarged head portion 158 at one end, and one or more radial
apertures such as apertures 160 and 162 spaced along the
member. Retention device 156 may include a male portion
164 configured to fit into aperture 160 and 162 as well as a
female portion 166 configured to keep the retaining device
attached to the pin by friction fitting around the outer circum-
ference of pin 154. Retention device 156 also includes a body
portion 168 configured for manual grasping as well as for
preventing removal of pin 154 from the aperture of a module
connector element.

One of apertures 160 and 162 may be selectively utilized
depending on the width of the connector elements to be
secured. For example, as shown in FIGS. 16 and 17, modules
10A, 10B, 10C, and 10D are all secured to one another by first
inserting male connector element 40A into female connector
element 98C of riser 62C, and inserting male connector ele-
ment 38B into female connector element 98D of riser 60D.
Then, pin 154 is inserted into and through the aligned aper-
tures 42B, 44A, 100C, and 100D. Finally, retention device
156 is inserted into aperture 162 and snapped into place
around pin 154. Body portion 168 then prevents pin 154 from
being removed from the connector elements.

Similarly, pin 154" and retention device 156' may be used as
shown in FIGS. 18 and 19 to secure module 10A to module
10C. Here, only connector elements 38A and 98C of riser 60C
are involved, so the width of the engaged connector elements
is narrower, and retention device 156' can be inserted into
aperture 160', which is closer to head portion 158', after the
pin is passed through the engaged connector elements.

In a different example, connection member 150 may
instead include a U-bolt 170. U-bolt 170 may include any
suitable U-shaped structure having two legs 172 and 174
joined in a fixed relationship at one end by a transition por-
tion. When utilized, rather than inserting a male connector
element of one module into a female connector element of
another when attaching adjacent modules 10, connector ele-
ments may be situated adjacent to each other. The apertures of
adjacent modules may be spaced at a distance corresponding
to the spacing between legs 172 and 174. U-bolt 170 may then
be inserted into the adjacent apertures and distal ends of the
legs may be secured by a retaining device 176 as shown in
FIG. 20. In the example shown, four modules, 10E, 10F, 10G,
and 10H, are connected together using U-bolt 170 at connec-
tor elements 40E, 38F, 98G of riser 62G, and 98H of riser
60H. As described above, connector elements 98G and 98H in
this example do not include opening 102. This may facilitate
installation using this type of module and connection member
by preventing inadvertent insertion of one connector element
into another.
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FIG. 21 shows adjacent modules 10J and 10K connected
side by side. As is typical in a PV installation, each module 10
may include electrical cabling or wiring such as cables 1807,
182J, and 180K shown in FIG. 21. Riser support 62 of each
module 10 includes aperture 142, as described above.
Accordingly, cables 180J and 182] are passed from an under-
side of PV panel 14J through aperture 142] and into wire
raceway 122]J of rear deflector 64J. The cables then proceed in
opposite directions, with cable 182] proceeding toward mod-
ule 10K to connect with cable 180K at connector 184. In this
fashion, adjacent PV modules may be electrically connected
in series. In other examples, modules may be connected in
series, in parallel, or in any combination thereof.

EXAMPLES

Based on the above description and the associated draw-
ings, the following examples describe various embodiments
of apparatuses and methods of the disclosure.

AQ. A photovoltaic module comprising:

a first frame portion including first and second opposing
side members defining a first plane, each of the first and
second side members having a leading end portion and a
trailing end portion, and a cross member connecting the
first and second side members, the first frame portion
configured to support ballast;

asecond frame portion including third and fourth opposing
side members extending respectively from the trailing
end portions of the first and second side members, upper
faces of the third and fourth opposing side members
defining a second plane oriented at a predetermined
angle relative to the first plane, each of the third and
fourth side members having a leading end portion adja-
cent the first frame portion and a trailing end portion
opposite the leading end portion;

a photovoltaic panel supported by upper faces of the third
and fourth side members and lying substantially parallel
to the second plane; and

apair of opposing riser supports connected respectively to
the trailing end portions of the third and fourth side
members, the pair of riser supports configured to support
the third and fourth side members at the predetermined
angle;

wherein the photovoltaic module is configured to be stack-
able atop a substantially identical module in a storage
configuration in which the first frame portions of the
modules are adjacent and parallel to each other, the
second frame portions of the modules are adjacent and
parallel to each other, and each riser support of the lower
module nests at least partially inside a corresponding
riser support of the upper module.

Al. The module of paragraph A0, wherein the cross mem-
ber is a first cross member, the module further comprising a
second cross member connecting the trailing end portions of
the first and second side members, the second cross member
having an upper face lying in the second plane.

A2.The module of paragraph A1, wherein the photovoltaic
panel is further supported by the second cross member.

A3. The module of paragraph Al, further including a plu-
rality of intermediate members each transversely connecting
the first and second cross members.

A4. The module of paragraph A0, wherein the first frame
portion further includes a tray for holding ballast.

AS. The module of paragraph A0, further comprising a
wind deflector spanning the pair of riser supports, the wind
deflector including a support surface lying in the second
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plane, the photovoltaic panel being further supported by the
support surface of the wind deflector.

A6. The module of paragraph A0, further comprising a
wind deflector spanning the pair of riser supports, the wind
deflector including a deflector surface oriented transverse to
the first and second planes, and a raceway running between
the pair of riser supports and configured to retain intermodule
wiring.

A7. The module of paragraph A0, wherein one riser sup-
port of the pair of riser supports includes a single aperture
configured to pass one or more electrical cables therethrough.

A8. The module of paragraph AO, wherein the first, second,
third, and fourth side members are constructed from a wood
plastic composite material.

A9. The module of paragraph A0, wherein the leading end
portion of the first side member includes a first connector
element having an aperture oriented parallel to the first plane
and perpendicular to a long axis of the first side member.

A10. The module of paragraph A9, wherein one riser sup-
port of the pair of riser supports includes a second connector
element having an aperture oriented parallel to the aperture of
the first connector element.

Al1l. The module of paragraph A10, wherein the second
connector element is configured to matingly engage with the
first connector element of an adjacent, substantially similar
module.

A12. The module of paragraph A11, wherein the first con-
nector element is a male connector element and the second
connector element is a female connector element.

A13. The module of paragraph A0, each riser support of the
pair of riser supports including a side wall configured to
restrict relative lateral motion between the module and an
adjacent stacked module.

Al4. The module of paragraph A0, each riser support of the
pair of riser supports including a mechanical stop configured
to maintain spacing of adjacent stacked modules.

A15. The module of paragraph A0, wherein the first and
third side members comprise a unitary member having an
angle formed therein.

A16. The module of paragraph A0, further including a third
cross member connecting trailing end portions of the third
and fourth side members.

A17. The module of paragraph A0, wherein a lower end of
each of the riser supports lies in the first plane.

BO. A photovoltaic module comprising:

a first frame portion including first and second opposing
side members defining a first plane, each of the first and
second side members having a leading end portion and a
trailing end portion, and a cross member connecting the
first and second side members, the first frame portion
configured to support ballast;

a second frame portion including third and fourth opposing
side members extending respectively from the trailing
end portions of the first and second side members, upper
faces of the third and fourth opposing side members
defining a second plane oriented at a predetermined
angle relative to the first plane, each of the third and
fourth side members having a leading end portion adja-
cent the first frame portion and a trailing end portion
opposite the leading end portion;

a photovoltaic panel supported by upper faces of the third
and fourth side members and lying substantially parallel
to the second plane; and

a pair of opposing riser supports connected respectively to
the trailing end portions of the third and fourth side
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members, the pair of riser supports configured to support
the third and fourth side members at the predetermined
angle;

wherein, when the module is installed on a substantially
planar support surface, the third and fourth side mem-
bers are supported only at the respective leading and
trailing end portions.

B1. The module of paragraph BO, wherein the first and
third side members comprise a unitary member having an
angle formed therein.

B2. The module of paragraph B0, wherein the cross mem-
ber is a first cross member, the module further comprising a
second cross member connecting the trailing end portions of
the first and second side members, the second cross member
having an upper face lying in the second plane.

B3. The module of paragraph B2, wherein the photovoltaic
panel is further supported by the second cross member.

B4. The module of paragraph B2, further including a third
cross member connecting trailing end portions of the third
and fourth side members.

BS. The module of paragraph BO, further comprising a
wind deflector spanning the pair of riser supports, the wind
deflector including a support surface lying in the second
plane, the photovoltaic panel being further supported by the
support surface of the wind deflector.

B6. The module of paragraph B5, the wind deflector further
including a deflector surface oriented transverse to the first
and second planes, and a raceway running between the pair of
riser supports and configured to retain intermodule wiring.

B7.The module of paragraph BO, wherein one riser support
of'the pair of riser supports includes a single aperture config-
ured to pass one or more electrical cables therethrough.

BS8. The module of paragraph BO, wherein the first, second,
third, and fourth side members are constructed from a wood
plastic composite material.

B9. The module of paragraph B0, wherein the leading end
portion of the first side member includes a first connector
element having an aperture oriented parallel to the first plane
and perpendicular to a long axis of the first side member.

B10. The module of paragraph B9, wherein one riser sup-
port of the pair of riser supports includes a second connector
element having an aperture oriented parallel to the aperture of
the first connector element.

B11. The module of paragraph B10, wherein the second
connector element is configured to matingly engage with
another connector element substantially similar to the first
connector element.

B12. The module of paragraph B11, wherein the first con-
nector element is a male connector element and the second
connector element is a female connector element.

B13. The module of paragraph B0, wherein a lower end of
each of the riser supports lies in the first plane.

CO0. A photovoltaic module comprising:

a first frame portion including first and second opposing
side members defining a first plane, each of the first and
second side members having a leading end portion and a
trailing end portion, and a cross member connecting the
first and second side members, the first frame portion
configured to support ballast;

asecond frame portion including third and fourth opposing
side members extending respectively from the trailing
end portions of the first and second side members, upper
faces of the third and fourth opposing side members
defining a second plane oriented at a predetermined
angle relative to the first plane, each of the third and
fourth side members having a leading end portion adja-
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cent the first frame portion and a trailing end portion
opposite the leading end portion;

a pair of opposing riser supports connected respectively to
the trailing end portions of the third and fourth side
members, the pair of riser supports configured to support
the third and fourth side members at the predetermined
angle;

a wind deflector spanning the pair of riser supports, the
wind deflector having a support surface lying in the
second plane and a deflector surface intersecting the
second plane; and

a photovoltaic panel lying substantially parallel to the sec-
ond plane, the panel being supported on a first side by the
upper face of the third side member, on a second side by
the upper face of the fourth side member, and on a third
side by the support surface of the wind deflector.

C1. The module of paragraph CO, wherein the cross mem-
ber is a first cross member, the module further comprising a
second cross member connecting the trailing end portions of
the first and second side members, the second cross member
having an upper face lying in the second plane.

C2. The module of paragraph C1, wherein the photovoltaic
panel is further supported by the second cross member.

C3. The module of paragraph C1, further including a plu-
rality of intermediate members each transversely connecting
the first and second cross members.

C4. The module of paragraph CO, wherein the first frame
portion further includes a tray for holding ballast.

CS5.The module of paragraph CO, the wind deflector further
including a raceway running between the pair of riser sup-
ports and configured to retain intermodule wiring.

C6.The module of paragraph CO, wherein one riser support
of'the pair of riser supports includes a single aperture config-
ured to pass one or more electrical cables therethrough.

C7. The module of paragraph C0, wherein the first, second,
third, and fourth side members are constructed from a wood
plastic composite material.

C8. The module of paragraph CO, wherein the leading end
portion of the first side member includes a first connector
element having an aperture oriented parallel to the first plane
and perpendicular to a long axis of the first side member.

C9.The module of paragraph C8, wherein one riser support
of the pair of riser supports includes a second connector
element having an aperture oriented parallel to the aperture of
the first connector element.

C10. The module of paragraph C9, wherein the second
connector element is configured to matingly engage with the
first connector element of an adjacent, substantially similar
module.

C11. The module of paragraph C10, wherein the first con-
nector element is a male connector element and the second
connector element is a female connector element.

C12. The module of paragraph CO, wherein a lower end of
each of the riser supports lies in the first plane.

DO. A photovoltaic assembly comprising at least first and
second substantially similar photovoltaic modules, each
module including:

a first frame portion including first and second opposing
side members defining a first plane, each of the first and
second side members having a leading end portion
including a front connector element and a trailing end
portion, and a cross member connecting the first and
second side members, the first frame portion configured
to support ballast;

a second frame portion including third and fourth opposing
side members extending respectively from the trailing
end portions of the first and second side members, upper
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faces of the third and fourth opposing side members
defining a second plane oriented at a predetermined
angle relative to the first plane, each of the third and
fourth side members having a leading end portion adja-
cent the first frame portion and a trailing end portion
opposite the leading end portion;

a photovoltaic panel supported by upper faces of the third
and fourth side members and lying substantially parallel
to the second plane; and

apair of opposing riser supports connected respectively to
the trailing end portions of the third and fourth side
members, the pair of riser supports configured to support
the third and fourth side members at the predetermined
angle, and each of the riser supports including a rear
connector element;

wherein, when the module is installed on a substantially
planar support surface, the third and fourth side mem-
bers are supported only at the respective leading and
trailing end portions; and

wherein the second module is disposed longitudinally
adjacent to and laterally aligned with the first module,
and each of the front connector elements of the second
module is configured to be secured to a corresponding
adjacent rear connector element of the first module by
inserting a connection member.

D1. The assembly of paragraph DO, wherein each of the
front and rear connector elements includes a transverse aper-
ture.

D2. The assembly of paragraph D1, wherein each of the
front connector elements of the second module is configured
to matingly engage with a corresponding rear element of the
first module to form mated male and female connector ele-
ment pairs having coaxially aligned apertures.

D3. The assembly of paragraph D2, wherein each mated
connector element pair is configured to be secured by passing
the connection member through the aligned apertures of the
front and rear connector elements.

D4. The assembly of paragraph D3, wherein the connec-
tion member comprises an elongate member having an
enlarged head at one end and at least one transverse opening
spaced from the head, the opening configured to receive a
retaining device.

D5. The assembly of paragraph D1, wherein the connec-
tion member comprises a U-bolt, and wherein each of the
front connector elements of the second module is configured
to be secured to a corresponding adjacent rear connector
element of'the first module by passing a first leg of the U-bolt
through the aperture of the front connector element and a
second leg of the U-bolt through the aperture of the rear
connector element.

D6. The assembly of paragraph DO, wherein a lower end of
each of the riser supports lies in the first plane.

The disclosure set forth above may encompass multiple
distinct inventions with independent utility. Although each of
these inventions has been disclosed in its preferred form(s),
the specific embodiments thereof as disclosed and illustrated
herein are not to be considered in a limiting sense, because
numerous variations are possible. The subject matter of the
inventions includes all novel and nonobvious combinations
and subcombinations of the various elements, features, func-
tions, and/or properties disclosed herein. The following
claims particularly point out certain combinations and sub-
combinations regarded as novel and nonobvious. Inventions
embodied in other combinations and subcombinations of fea-
tures, functions, elements, and/or properties may be claimed
in applications claiming priority from this or a related appli-
cation. Such claims, whether directed to a different invention
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or to the same invention, and whether broader, narrower,
equal, or different in scope to the original claims, also are
regarded as included within the subject matter of the inven-
tions of the present disclosure.

What is claimed is:

1. A photovoltaic module comprising:

a first frame portion including first and second opposing
side members defining a first plane, each of the first and
second side members having a leading end portion and a
trailing end portion, and a cross member connecting the
first and second side members, the first frame portion
configured to support ballast;

a second frame portion including third and fourth opposing
side members extending respectively from the trailing
end portions of the first and second side members, upper
faces of the third and fourth opposing side members
defining a second plane oriented at a predetermined
angle relative to the first plane, each of the third and
fourth side members having a leading end portion adja-
cent the first frame portion and a trading end portion
opposite the leading end portion;

a photovoltaic panel supported by upper faces of the third
and fourth side members and lying substantially parallel
to the second plane; and

a pair of opposing riser supports connected respectively to
the trailing end portions of the third and fourth side
members, the pair of riser supports configured to support
the third and fourth side members at the predetermined
angle;

wherein the photovoltaic module is configured to be stack-
able atop a substantially identical module in a storage
configuration in which the first frame portions of the
modules are adjacent and parallel to each other, the
second frame portions of the modules are adjacent and
parallel to each other, and each riser support of the lower
module nests at least partially inside a corresponding
riser support of the upper module.

2. The module of claim 1, wherein the cross member is a
first cross member, the module further comprising a second
cross member connecting the trailing end portions of the first
and second side members, the second cross member having
arm upper face lying in the second plane.

3. The module of claim 2, wherein the photovoltaic panel is
further supported by the second cross member.

4. The module of claim 2, further including a plurality of
intermediate members each transversely connecting the first
and second cross members.

5. The module of claim 1, wherein the first frame portion
further includes a tray for holding ballast.

6. The module of claim 1, further comprising a wind
deflector spanning the pair of riser supports, the wind deflec-
tor including a support surface lying in the second plane, the
photovoltaic panel being further supported by the support
surface of the wind deflector.

7. The module of claim 1, further comprising a wind
deflector spanning the pair of riser supports, the wind deflec-
tor including a deflector surface oriented transverse to the first
and second planes, and a raceway running between the pair of
riser supports and configured to retain intermodule wiring.

8. The module of claim 1, wherein one riser support of the
pair of riser supports includes a single aperture configured to
pass one or more electrical cables therethrough.

9. The module of claim 1, wherein the first, second, third,
and fourth side members are constructed from a wood plastic
composite material.

10. The module of claim 1, wherein the leading end portion
of the first side member includes a first connector element
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having an aperture oriented parallel to the first plane and
perpendicular to a long axis of the first side member.

11. The module of claim 10, wherein one riser support of
the pair of riser supports includes a second connector element
having an aperture oriented parallel to the aperture of the first
connector element.

12. The module of claim 11, wherein the second connector
element is configured to matingly engage with the first con-
nector element of an adjacent, substantially similar module.

13. The module of claim 12, wherein the first connector
element is a male connector element and the second connec-
tor element is a female connector element.

14. The module of claim 1, each riser support of the pair of
riser supports including a side wing, wherein a corresponding
side wing of the substantially identical module is configured
be received between the side wing and the riser support of the
module, in a stacked configuration of the module atop the
substantially identical module, so as to restrict relative lateral
motion between the module and the substantially identical
module.

15. The module of claim 1, each riser support of the pair of
riser supports including a mechanical stop configured to
maintain spacing of adjacent stacked modules.

16. The module of claim 1, wherein the first and third side
members comprise a unitary member having an angle formed
therein.

17. The module of claim 1, further including a third cross
member connecting trailing end portions of the third and
fourth side members.

18. A photovoltaic module comprising:

a first frame portion including first and second opposing
side members defining a first plane parallel to a support
surface for the photovoltaic module, each of the first and
second side members having a leading end portion and a
trailing end portion, and a cross member connecting the
first and second side members in the first plane, the first
frame portion configured to support ballast;

asecond frame portion including third and fourth opposing
side members extending respectively from the trailing
end portions of the first and second side members in a
direction extending away from the leading end portions
of'the first and second side members, upper faces of the
third and fourth opposing side members defining a sec-
ond plane oriented at a predetermined angle relative to
the first plane, each of the third and fourth side members
having a leading end portion adjacent the first frame
portion and a trailing end portion opposite the leading
end portion, a second cross member extending between
the third and fourth side members at the leading end
portions;

apair of opposing riser supports connected respectively to
the trailing end portions of the third and fourth side
members, the pair of riser supports configured to support
the third and fourth side members at the predetermined
angle;

a wind deflector spanning the pair of riser supports, the
wind deflector having a support surface lying in the
second plane and a deflector surface intersecting the
second plane; and

aphotovoltaic panel lying substantially parallel to the sec-
ond plane, the panel being supported on a first side by the
upper face of the third side member, on a second side by
the upper face of the fourth side member, and on a third
side by the support surface of the wind deflector.

19. The module of claim 18, wherein the cross member is

a first cross member, the module further comprising a second
cross member connecting the trailing end portions of the first

10

15

20

25

30

35

40

45

50

60

65

16

and second side members, the second cross member having
anupper face lying in the second plane, the photovoltaic panel
being supported on a fourth side by the upper face of the
second cross member.

20. The module of claim 19, further including a plurality of
intermediate members each transversely connecting the first
and second cross members.

21. The module of claim 18, wherein the first frame portion
further includes a tray for holding ballast.

22. The module of claim 18, the wind deflector further
including a raceway running between the pair of riser sup-
ports and configured to retain intermodule wiring.

23. The module of claim 18, wherein one riser support of
the pair of riser supports includes a single aperture configured
to pass one or more electrical cables therethrough.

24. The module of claim 18, wherein the first, second,
third, and fourth side members are constructed from a wood
plastic composite material.

25. The module of claim 18, wherein the leading end por-
tion of'the first side member includes a first connector element
having an aperture oriented parallel to the first plane and
perpendicular to a long axis of the first side member.

26. The module of claim 25, wherein one riser support of
the pair of riser supports includes a second connector element
having an aperture oriented parallel to the aperture of the first
connector element.

27. The module of claim 26, wherein the second connector
element is configured to matingly engage with the first con-
nector element of an adjacent, substantially similar module.

28. The module of claim 27, wherein the first connector
element is a male connector element and the second connec-
tor element is a female connector element.

29. A photovoltaic assembly comprising at least first and
second substantially similar photovoltaic modules, each
module including:

a first frame portion including first and second opposing
side members defining a first plane parallel to a support
surface for the photovoltaic module, each of the first and
second side members having a leading end portion
including a front connector element and a trailing end
portion, and a cross member connecting the first and
second side members in the first plane, the first frame
portion configured to support ballast;

a second frame portion including third and fourth opposing
side members extending respectively from the trailing
end portions of the first and second side members in a
direction extending away from the leading end portions
of the first and second side members, upper faces of the
third and fourth opposing side members defining a sec-
ond plane oriented at a predetermined angle relative to
the first plane, each of the third and fourth side members
having a leading end portion adjacent the first frame
portion and a trailing end portion opposite the leading
end portion;

a photovoltaic panel supported by upper faces of the third
and fourth side members and lying substantially parallel
to the second plane; and

a pair of opposing riser supports connected respectively to
the trailing end portions of the third and fourth side
members, the pair of riser supports configured to support
the third and fourth side members at the predetermined
angle, each of the pair of opposing riser supports includ-
ing a rear connector element;

wherein, when the first module is installed on the support
surface, which is substantially planar, the third and
fourth side members are supported only at the respective
leading and trailing end portions; and
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wherein the second module is disposed longitudinally
adjacent to and laterally aligned with the first module,
and each of the front connector elements of the second
module is configured to be secured to a corresponding
adjacent one of the rear connector elements of the first
module by inserting a connection member.

30. The assembly of claim 29, wherein each of the front and
rear connector elements includes a transverse aperture.

31. The assembly of claim 30, wherein each of the front
connector elements of the second module is configured to
matingly engage with a corresponding one of the rear con-
nector elements of the first module to form mated male and
female connector element pairs having coaxially aligned
apertures.

32. The assembly of claim 31, wherein each mated con-
nector element pair is configured to be secured by passing the
connection member through the aligned apertures of the front
and rear connector elements.

33. The assembly of claim 32, wherein the connection
member comprises an elongate member having an enlarged
head at one end and at least one transverse opening spaced
from the head, the opening configured to receive a retaining
device.

34. The assembly of claim 29, wherein the connection
member comprises a U-bolt, and wherein each of the front
connector elements of the second module is configured to be
secured to a corresponding adjacent rear connector element
of'the first module by passing a first leg of the U-bolt through
the aperture of the front connector element and a second leg of
the U-bolt through the aperture of the rear connector element.

#* #* #* #* #*
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